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(57) ABSTRACT

A semiconductor apparatus includes a command decoding
unit configured to decode an internal command, an internal
clock and an internal clock enable signal, and generate an
internal control signal; a clock enable signal control unit
configured to receive a pre-clock enable signal and output
one of the pre-clock enable signal and an enabled internal
clock enable signal as the internal clock enable signal in
response to a first test signal; an enable signal selection unit
configured to output one of the pre-clock enable signal and
a second to test signal as a counting enable signal in
response to the first test signal; and a counting unit config-
ured to perform a counting operation during an enable
period of the counting enable signal, and output a counting
code.

18 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) to Korean application number 10-2014-0118846
filed on Sep. 5, 2014, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Technical Field

Embodiments of the present invention generally relate to
an integrated circuit, and more particularly, in one or more
embodiments, to a semiconductor apparatus.

2. Related Art

Electronic devices include various integrated circuits
therein. For example, an electronic device may include a
semiconductor apparatus and a controller for controlling the
semiconductor apparatus. The semiconductor apparatus may
operate by receiving control signals from the controller.

A semiconductor apparatus may be manufactured through
multiple processing steps during which electronic circuits
are formed on a wafer. Once all the processing steps are
completed, each semiconductor apparatus is separated from
a wafer. Before separating the semiconductor apparatus
from the wafer, a wafer test may be performed to verify that
the wafer has not been damaged by previous processing
steps. The wafer testing may be performed using a wafer
prober.

After separating the semiconductor apparatus from the
wafer, a packaging process is performed by mounting the
semiconductor apparatus and connecting it to the pins on the
package. After the packaging process is performed, a test
process using control signals applied from an external
control device to the semiconductor apparatus may be
performed instead of using the water prober.

SUMMARY

In an embodiment, a semiconductor apparatus may
include: a command decoding unit configured to decode an
internal command, an internal clock and an internal clock
enable signal, and generate an is internal control signal; a
clock enable signal control unit configured to output a
pre-clock enable signal as the internal clock enable signal or
retain the internal clock enable signal in an enabled state, in
response to a first test signal; an enable signal selection unit
configured to output one of the pre-clock enable signal and
a second test signal as a counting enable signal in response
to the first test signal; and a counting unit configured to
perform a counting operation during an enable period of the
counting enable signal, and output a counting code.

In an embodiment, a semiconductor apparatus may
include: a first buffer configured to buffer a first external
signal and generate a first internal signal; a second buffer
configured to buffer a second external signal and generate a
pre-signal; a signal control unit configured to output the
pre-signal as a second internal signal or enable the second
internal signal, in response to a first test signal; a decoding
unit configured to decode the first and second internal
signals, and generate an internal control signal; an enable
signal selection unit configured to output the pre-signal or a
second test signal as an enable signal in response to the first
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2

test signal; and a test circuit unit configured to perform a test
operation in response to the enable signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram illustrating an example
of'a semiconductor apparatus in accordance with an embodi-
ment of the is present invention.

FIG. 2 is a configuration diagram illustrating an example
of the clock enable signal control unit shown in FIG. 1.

FIG. 3 is a configuration diagram illustrating an example
of the counting unit shown in FIG. 1.

FIG. 4 is a configuration diagram illustrating an example
of the oscillator shown in FIG. 3.

FIG. 5 is a configuration diagram illustrating an example
of'a semiconductor apparatus in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION

FIG. 1 is a configuration diagram illustrating an example
of'a semiconductor apparatus in accordance with an embodi-
ment of the present invention.

As shown in FIG. 1, a semiconductor apparatus in accor-
dance with an embodiment of the present invention may
include first to third buffers 10, 20 and 30, a command
decoding unit 40, a clock enable signal control unit 100, an
enable signal selection unit 200, and a counting unit 300.

The first buffer 10 receives an external command
CMD_ext, and outputs an internal command CMD_int.

The second buffer 20 receives an external clock CLK _ext,
and outputs an internal clock CLK _int.

The third buffer 30 receives an external clock enable
signal CKE_ext, and outputs a pre-clock enable signal
CKE_pre.

The clock enable signal control unit 100 receives the
pre-clock enable signal CKE_pre and outputs an internal
clock enable signal CKE_int. The internal clock enable
signal CKE_int outputted from the clock enable signal
control unit 100 may vary depending on a first test signal
TM_1. For example, the clock enable signal control unit 100
may output either the pre-clock enable signal CKE_pre as
the internal clock enable signal CKE_int or the internal
clock enable signal CKE_int which is in an enabled state in
response to the first test signal TM_1. In an embodiment of
the present invention, the enabled state may include a logic
high level. For example, the clock enable signal control unit
100 outputs the pre-clock enable signal CKE_pre as the
internal clock enable signal CKE_int when the first test
signal TM_1 is disabled, and enables the internal clock
enable signal CKE_int regardless of the pre-clock enable
signal CKE_pre when the first test signal TM_1 is enabled.

The command decoding unit 40 decodes the internal
command CMD_int, the internal clock CLK_int and the
internal clock enable signal CKE_int, and generates an
internal control signal CTRL_dec. The command decoding
unit 40 may generate the internal control signal CTRIL_dec
by decoding the internal command CMD_int, the internal
clock CLK int and the internal clock enable signal
CKE_int. The internal control signal CTRL._dec is used as
a signal for controlling operations of the semiconductor
apparatus.

The enable signal selection unit 200 outputs one of the
pre-clock enable signal CKE_pre and a second test signal
TM_2 as a counting enable signal ROD_EN in response to
the first test signal TM_1. For example, the enable signal
selection unit 200 outputs the pre-clock enable signal
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CKE_pre as the counting enable signal ROD_EN when the
first test signal TM_1 is enabled, and outputs the second test
signal TM_2 as the counting enable signal ROD_EN when
the first test signal TM_1 is disabled. The enable signal
selection unit 200 may include a multiplexer.

The counting unit 300 performs a counting operation
during the enable period of the counting enable signal
ROD_EN, and generates a counting code CNT_code<0:n>.

As shown in FIG. 2, the clock enable signal control unit
100 includes a signal selecting section 110.

The signal selecting section 110 outputs one of the
pre-clock enable signal CKE_pre and an external voltage
VDD as the internal clock enable signal CKE_int in
response to the first test signal TM_1. For example, the
signal selecting section 110 outputs the pre-clock enable
signal CKE_pre as the internal clock enable signal CKE_int
when the first test signal TM_1 is disabled, and outputs the
external voltage VDD as the internal clock enable signal
CKE_int when the first test signal TM_1 is enabled. The
signal selecting section 110 may include a multiplexer.

As shown in FIG. 3, the counting unit 300 includes an
oscillator 310 and a counter 320.

The oscillator 310 generates an oscillator signal OSC
when the counting enable signal ROD_EN is enabled. The
oscillator 310 may receive the power supply voltage such as
the external voltage VDD and a ground voltage VSS and
generate the oscillator signal OSC when the counting enable
signal ROD_EN is enabled. The external voltage VDD may
be a voltage level that power-supply pins connected to the
semiconductor apparatus carry.

The counter 320 may measure the number of transitions
of the oscillator signal OSC. In an embodiment of the
present invention, when the counting enable signal
ROD_EN is enabled, the counter 320 may count the number
of times the oscillator signal OSC has transitioned to a
predetermined level when the counting enable signal
ROD_EN is enabled, and generate the counting code CNT_
code<0:n>. For example, when the counting enable signal
ROD_EN is enabled, the counter 320 may count the number
of times the oscillator signal OSC has transitioned to a logic
high level and output the counting code CNT_code<0:n>.

As shown in FIG. 4, the oscillator 310 includes a plurality
of'inverters IV_1 to IV_M, which are electrically coupled in
series, and a NAND gate ND1.

The plurality of inverters IV_1 to IV_M may be electri-
cally coupled in series. The plurality of inverters IV_1 to
IV_M may include a first inverter [V_1 at an input end of the
plurality of inverters IV_1 to IV_M and a second inverter
IV_M at an output end of plurality of inverters IV_1 to
IV_M. The plurality of inverters IV_1 to IV_M may also
include more inverters between the first and second inverters
IV_1 and IV_M. Each of the plurality of inverters IV_1 to
IV_M may use the external voltage VDD and the ground
voltage VSS as power supply voltages. For example, the
NAND gate ND1 may receive an output signal of the second
inverter IV_M and the counting enable signal ROD_EN.
The output signal of the NAND gate ND1 may be inputted
to the first inverter IV1. In an embodiment of the present
invention, the output signal of the second inverter IV_M is
the oscillator signal OSC.

The semiconductor apparatus in accordance with an
embodiment of the present invention may operate as fol-
lows.

Before separating the semiconductor apparatus from the
wafer, the semiconductor apparatus may be tested by using
a wafer prober to see if it function as it was designed to.
After a packaging process is performed, however, the wafer
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prober cannot be used any longer, and thus the semiconduc-
tor apparatus may be tested using signals applied from an
external device. For example, the semiconductor apparatus
may be tested using preset information stored in a mode
register set.

Information regarding a test mode, which is stored in the
mode register set, may place the semiconductor apparatus in
a test mode. When the semiconductor apparatus is in the test
mode, it may be tested by using a test signal. In the test
mode, the semiconductor apparatus can only be tested in a
limited number of situations. For example, once the test
signal is set in the mode register set, a point of time when
the test signal transitions may not be changed. If the is test
signal can be used only in the test mode, the semiconductor
apparatus in a normal-operation mode may not be tested
without interrupting normal operations which is being per-
formed and entering the test mode.

In an embodiment of the present invention, the semicon-
ductor apparatus may be tested even in a normal-operation
mode without stopping the normal operations.

The first to third buffers 10, 20 and 30 receive respectively
the external command CMD_ext, the external clock
CLK_ext and the external clock enable signal CKE_ext
which are inputted from an external device (e.g., a control-
ler), and output respectively the internal command
CMD_int, the internal clock CLK_int and the pre-clock
enable signal CKE_pre.

The clock enable signal control unit 100 receives the
pre-clock enable signal CKE_pre and outputs an internal
clock enable signal CKE_int. The internal clock enable
signal CKE_int outputted from clock enable signal control
unit 100 may vary depending on a first test signal TM_1. For
example, the clock enable signal control unit 100 may output
the pre-clock enable signal CKE_pre as an internal clock
enable signal CKE_int when the first test signal TM_1 to has
a first value, and may output an internal clock enable signal
CKE_int which has a preset value, when the first test signal
TM_1 has a second value, regardless of the pre-clock enable
signal CKE_pre. For example, the clock enable signal
control unit 100 may output an internal clock enable signal
CKE_int which is in an enabled state in response to the first
test signal TM_1.

The enable signal selection unit 200 outputs the pre-clock
enable signal CKE_pre or the second test signal TM_2 as the
counting enable signal ROD_EN in response to the first test
signal TM_1.

The counting unit 300 generates the counting code CNT_
code<0:n> during the enable period of the counting enable
signal ROD_EN. The counting unit 300 includes the oscil-
lator 310 which generates the oscillator signal OSC by using
the external voltage VDD, and the counter 320 which counts
the number of transitions of the oscillator signal OSC.

The semiconductor apparatus in accordance with an
embodiment of the present invention may monitor whether
a voltage drop of the external voltage VDD occurs.

For example, the semiconductor apparatus may monitor
the external voltage VDD as follows. First, the first test
signal TM_1 is enabled, and the enabled state thereof is
retained. The first test signal TM_1 may be enabled by
controlling the mode register set.

If the first test signal TM_1 is enabled, the clock enable
signal control unit 100 enables the internal clock enable
signal CKE_int regardless of the pre-clock enable signal
CKE_pre or the to external clock enable signal CKE_ext.

In the state in which the internal clock enable signal
CKE_int is enabled, the external command CMD_ext input-
ted from the external device is inputted as the internal
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command CMD_int to the command decoding unit 40, and
the external clock CLK_ext is inputted as the internal clock
CLK_int to the command decoding unit 40.

The command decoding unit 40 generates the internal
control signal CTRI._dec in response to the internal com-
mand CMD_int, the internal clock CLK _int, and the internal
clock enable signal CKE_int which is enabled. The internal
control signal CTRL_dec controls the operation of the
semiconductor apparatus. Accordingly, the semiconductor
apparatus may be controlled by the external device.

In an embodiment of the present invention, the enable
signal selection unit 200 outputs the pre-clock enable signal
CKE_pre as the counting enable signal ROD_EN when the
first test signal TM_1 is enabled.

The counting unit 300 generates the counting code CNT_
code<0:n> during the enable period of the counting enable
signal ROD_EN.

The semiconductor apparatus in accordance with an
embodiment of the present invention may be tested by using
the counting unit 300 even in a normal-operation mode in
which such operations as read or write operation are per-
formed. In an embodiment of the present invention, when
the counting unit 300 is operated to test the semiconductor
apparatus in a normal-operation mode, the external clock
enable signal CKE_ext which is inputted from the external
device. As a consequence, while the external device is
controlling the normal operation of the semiconductor is
apparatus and the normal operations are being performed
with the internal clock enable signal CKE_int, a test for
monitoring the voltage level of the external voltage VDD
which is being used by the semiconductor apparatus may be
performed by operating the counting unit 300.

In the semiconductor apparatus in accordance with an
embodiment of the present invention, if the first test signal
TM_1 is disabled, the command decoding unit 40 operates
in response to the external command CMD_ext, the external
clock CLK_ext and the external clock enable signal
CKE_ext, which are the external signals inputted from the
external device, and the counting unit 300 may be operated
in response to the second test signal TM_2 which is out-
putted from the mode register set.

The semiconductor apparatus in accordance with an
embodiment of the present invention may operate the com-
mand decoding unit 40 and the counting unit 300 not only
by using the external signals inputted from the external
device for both the command decoding unit 40 and the
counting unit 300 but also by using the external signals for
the command decoding unit 40 and the output signal of the
mode register set for the counting unit 300.

As shown in FIG. 5, a semiconductor apparatus in accor-
dance with an embodiment of the present invention may
include first to third buffers 11, 21 and 31, a decoding unit
41, a signal control unit 101, an enable signal selection unit
201, and a test circuit unit 301.

The first buffer 11 receives a first external signal Sig_extl,
and outputs a first internal signal Sig_intl.

The second buffer 21 receives a second external signal
Sig_ext2, and outputs a second internal signal Sig_int2.

The third buffer 31 receives a third external signal
Sig_ext3, and outputs a pre-signal Sig_pre.

The signal control unit 101 receives the pre-signal Sig_
pre and output a third internal signal Sig_int3. The third
internal signal Sig_int3 outputted from the signal control
unit 101 may vary depending on a first test signal TM_1. For
example, the signal control unit 101 may either output the
pre-signal Sig_pre as the third internal signal Sig_int3 or
enable the third internal signal Sig_int3 in response to a first
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test signal TM_1. The signal control unit 101 may be
configured in the same manner as the clock enable signal
control unit 100 of FIG. 2 except that the signals inputted
thereto and the signal outputted therefrom are different.

The decoding unit 41 decodes the first to third internal
signals Sig_intl, Sig_int2 and Sig_int3, and generates an
internal control signal CTRIL_dec. The decoding unit 41
may generate internal control signal CTRL._dec by decoding
the first to third internal signals Sig_intl, Sig int2 and
Sig_int3.

The enable signal selection unit 201 outputs one of the
pre-signal Sig_pre and a second test signal TM_2 as a test
circuit unit enable signal (“enable signal”) Sig_EN in
response to the first test signal TM_1. The enable signal
selection unit 201 may include a is multiplexer.

The test circuit unit 301 performs a test operation when
the enable signal Sig_EN is enabled. For example, when the
enable signal Sig_EN is enabled, the test circuit unit 301
may monitor whether a voltage drop of an operating voltage
of the semiconductor apparatus occurs. The test circuit unit
301 may include, as shown in FIG. 3, an oscillator 310
which may operate using the external voltage VDD, and a
counter 320 which counts the number of the output signals
of the oscillator 310. The test circuit unit 301 may generates
a code representing a voltage level of an external voltage
that is being used in the semiconductor apparatus.

The semiconductor apparatus in accordance with an
embodiment of the present invention may be tested by
operating the test circuit unit 301 while the semiconductor
apparatus is operating in a normal-operation mode by gen-
erating the internal control signal CTRI_dec using only the
external signals inputted from an exterior.

While various embodiments have been described above,
it will be understood to those skilled in the art that the
embodiments described are by way of example only.
Accordingly, the semiconductor apparatus described herein
should not be limited to based on the described embodi-
ments.

What is claimed is:

1. A semiconductor apparatus comprising:

a command decoding unit configured to decode an inter-
nal command, an internal clock and an internal clock
enable signal, and generate an internal control signal;

a clock enable signal control unit configured to receive a
pre-clock enable signal and output one of the pre-clock
enable signal and an enabled internal clock enable
signal as the internal clock enable signal in response to
a first test signal;

an enable signal selection unit configured to output one of
the pre-clock enable signal and a second test signal as
a counting enable signal in response to the first test
signal; and

a counting unit configured to perform a counting opera-
tion during an enable period of the counting enable
signal, and output a counting code.

2. The semiconductor apparatus according to claim 1,

further comprising:

a first buffer configured to receive an external command
and output the internal command;

a second buffer configured to receive an external clock
and output the internal clock; and

a third buffer configured to receive an external clock
enable signal and output the pre-clock enable signal.

3. The semiconductor apparatus according to claim 2,
wherein the clock enable signal control unit outputs the
pre-clock enable signal as the internal clock enable signal
when the first test signal is disabled, and enables the internal
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clock enable signal regardless of the pre-clock enable signal
when the first test signal is enabled.

4. The semiconductor apparatus according to claim 3,
wherein the clock enable signal control unit comprises a
signal selection unit which is configured to output the
pre-clock enable signal as the internal clock enable signal
when the first test signal is disabled and output an external
voltage as a level of the internal clock enable signal when
the first test signal is enabled.

5. The semiconductor apparatus according to claim 1,
wherein the enable signal selection unit outputs the second
test signal as the counting enable signal when the first test
signal is disabled, and outputs the pre-clock enable signal as
the counting enable signal when the first test signal is
enabled.

6. The semiconductor apparatus according to claim 1,
wherein the counting unit comprises:

an oscillator configured to generate an oscillator signal

when the counting enable signal is enabled; and

a counter configured to count the number of times the

oscillator signal transitions to a predetermined level,
and generate the counting code.

7. The semiconductor apparatus according to claim 6,
wherein the oscillator receives the external voltage to gen-
erate the oscillator signal.

8. A semiconductor apparatus comprising:

a first buffer configured to receive a first external signal

and generate a first internal signal;

a second buffer configured to receive a second external

signal and generate a pre-signal;

a signal control unit configured to output the pre-signal as

a second internal signal or enable the second internal
signal in response to a first test signal;
a decoding unit configured to receives the first and second
internal signals and generate an internal control signal;

an enable signal selection unit configured to output one of
the pre-signal and a second test signal as an enable
signal in response to the first test signal; and

a test circuit unit configured to perform a test operation in

response to the enable signal.

9. The semiconductor apparatus according to claim 8,
wherein the signal control unit enables the second internal
signal regardless of the pre-signal when the first test signal
is enabled, and outputs the pre-signal as the second internal
signal when the first test signal is disabled.

10. The semiconductor apparatus according to claim 8,
wherein the enable signal selection unit outputs the pre-
signal as the enable signal when the first test signal is
enabled, and outputs the second test signal as the enable
signal when the first test signal is disabled.
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11. The semiconductor apparatus according to claim 8,
wherein the test circuit unit generates a code representing a
voltage level of an external voltage that is being used in the
semiconductor apparatus.

12. The semiconductor apparatus according to claim 11,
wherein the test circuit unit comprises:

an oscillator configured to generate an oscillator signal
when the enable signal is enabled; and

a counter configured to count the number of times the
oscillator signal transitions to a predetermined level.

13. The semiconductor apparatus according to claim 12,
wherein the oscillator comprises:

a plurality of inverters electrically coupled in series and
having a first inverter at an input end of the plurality of
inverters and a second inverter at an output end of
plurality of inverters; and

a NAND gate configured to receive an output signal of the
second inverter and the enable signal and generate an
output signal to the first inverter.

14. A semiconductor apparatus comprising:

a buffer configured to receive an external clock enable
signal and outputs a pre-clock enable signal an enable
signal selection unit configured to output one of the
pre-clock enable signal and a test signal as a test circuit
unit enable signal; and

a test circuit unit configured to perform a test operation
during an enable period of the test circuit unit enable
signal,

wherein the test operation includes a counting operation
and the test circuit unit performs the counting operation
during an enable period of the test circuit unit enable
signal, and output a counting code.

15. The semiconductor apparatus according to claim 14,
wherein the test circuit unit enable signal is enabled while
the semiconductor apparatus is performing a normal opera-
tion.

16. The semiconductor apparatus according to claim 14,
wherein the counting code represents a voltage level of an
external voltage that is being used in the semiconductor
apparatus.

17. The semiconductor apparatus according to claim 14,
wherein the test circuit unit comprises:

an oscillator configured to generate an oscillator signal
when the test circuit unit enable signal is enabled; and

a counter configured to count the number of times the
oscillator signal transitions to a predetermined level.

18. The semiconductor apparatus according to claim 17,
wherein the oscillator receives the external voltage to gen-
erate the oscillator signal.
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